Multiphoton absorption in molecules is a facile method of producing ions. This technique enables one to use visible or near ultraviolet light for the production of molecular ions. This ionization is shown to proceed with near 100% efficiency in a well localized source, the focus of the laser, and a well defined time, the excitation pulse length of the laser. This makes for an ideal ion source for a mass spectrometer.
INTRODUCTION
By means of the intense light of pulsed lasers it is possible that a single atom or molecule absorbs several photons from the radiation field to be excited to the ionization continuum. This multi-photon ionization (MPI) is a new versatile method for the production of polyatomic molecular ions in a mass spectrometer. 9 pointed out some of the complementary characteristics of multi-photon mass spectrometry. Boesl et al. 1 showed that this ionization method is highly wavelength selective due to the first absorption step and therefore the isotopic species 13CC5H-can be preferentially ionized in a natural 3 H. KIIHLEWIND et al.
isotopic mixture of benzene shifting the wavelength by 1.6 cm -to the blue from the 6 absorption band of the S S0 transition of light benzene. In their early work they showed that the laser intensity can be adjusted so that the parent ion peak C6H-appears exclusively (soft ionization without fragmentation); in conventional electron impact mass spectrometry this exclusive production of parent ions is difficult or inefficient. Thus MPI is a good method for the determination of molecular weights via "soft" ionization. On the other hand, Zandee et al. demonstrated that with increasing intensity of the laser light a large number of photons (typically [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] are absorbed during the laser pulse, thus producing fragmentation of the parent ions with increasing intensity. This intensity dependence of the fragmentation pattern of a polyatomic molecule adds a third dimension to this new kind of mass spectrometry, which is already two-dimensional in mass and wavelength.
GENERAL DESCRIPTION OF THE MPI PROCESS---MECHANISM
For the observation of a two-photon ionization with UV light of some 10 6 W/cm 2 the first absorption step must involve a transition into a real intermediate level of the Sl-system. The second photon then transports the molecule into the ionization continuum. As a consequence the ion current as function of the wavelength is modulated by the spectral properties of the S 1-state as well as by the final state above the ionization potential. Sharp spectral features are, however, only expected for the $1 --So transition, whereas the final state above the ionization potential is generally less structured.
In the case of high intensity, additional photons are absorbed after having crossed the ionization potential. The absorption could either proceed via the neutral molecule (Figure 1 a) or the parent ion (Figure  l b, c) . In the latter case ionization is proposed to occur at the earliest possible energy level, i.e., after the first photon has crossed the ionization threshold. The absorption then switches from the neutral molecule to the parent ion and at higher energy levels from the parent ions to fragment ions etc. (Figure lb ). This mechanism is termed ladder switching. 1 Figure 2 . The configuration of the reflecting field allows for the compensation of energy differences of the ions due to a diffuse ion source, the natural thermal kinetic energy, the Coulomb energy and kinetic energy release of fragmentation processes. The ions are produced in an effusive molecular beam in front of a nozzle by resonantly enhanced two-photon ionization with the frequencydoubled output of a nitrogen laser pumped dye laser and drawn into a drift region of 82 cm length. After having passed this tube they are rapidly decelerated in a variable deceleration field Ua and enter the soft reflecting field. Due to a residence time in the reflecting field of about 10 Is differences in time-of-flight for a particular ion species are compensated, since faster ions more deeply penetrate into the reflecting field than slower ions of the same mass but different kinetic energy. Therefore they remain there for a longer time than ions with lower kinetic energy. For an optimal set of voltages the half width of the benzene ion mass peak in this way can be reduced from about 200 ns to only 8 ns (Figure 3 ). With a difference in time-of-flight for two neighboring mass peaks of 400 ns we obtained a mass resolution (M//M) of 3900 at 78 amu. 16 Figure 4b . Note the much more broadened wing and the overlap of the fragments m / produced in the drift region and the precursors. On the other hand for small energy deviations, i.e., small mass changes during the fragmentation process this energy deviation can be even completely corrected by the reflector set up. Then the metastable fragment ions arrive at the detector simultaneously with those fragments produced already in the ion source ( Figure 4c) (3) In Figure 5a The precursor ion of a metastable decay occurring in the drift tube is determined by increasing the reflecting field until hard reflection takes place. Under these conditions which corresponds to the case of no correction (see Figure 4b ) the signals of fragments and precursor ions overlap and the precursor ion mass is determined. Then the corresponding fragment mass is determined by measuring the difference of the kinetic energy of the fragment ions and their precursor ions. This can be performed with the reflecting field acting as an energy analyzer. 16'18 Reducing the reflecting voltage the ions with larger kinetic energy with respect to the reflecting potential will hit the back wall of the reflector, are discharged there and disappear. This is illustrated in Figure 6 for those ions C4H that have been produced by a metastable decay in the field free drift region. For a reflecting potential which is 67% of the acceleration voltage (0.67 x eU) the ions CH (entitled "M(C4H)") and C3H (entitled "M(CaH)") which have been produced in the drift region are observed in the time-of-flight spectrum whereas all ions produced in the laser focus have disappeared (Figure 6a ). This is due to the smaller kinetic energy of these metastable ions with respect to eU, (66.6% and 50%, respectively, according to the mass change in the metastable dissociation process). For the smaller reflecting potential of 0.655 x eU the ions M(C4H-) produced in the drift region completely disappear whereas the ions M(C3H-) with a smaller kinetic energy are reflected and reach the detector. Results for other metastable fragment ions have been shown in our previous work. 16 In this way the kinetic mean energy of ions can be determined with an accuracy of at least 0.5%. 24 however, a reasonable value of this energy inaccuracy should be much smaller. In the case of autoionization a very broad energy distribution would be expected after the absorption of three photons followed by autoionization yielding in turn a multiexponential decay with a smaller average rate constant, which would be in contradiction to our experimental results.
In our experiments we observed three distinct sorts of benzene ions: stables after the absorption of only two photons in total, metastables after the absorption of three photons in total and unstables rapidly dissociating during the laser pulse after the absorption of four photons in total; all three are an additional strong argument against autoionization tree models, i.e., for ladder switching.
In the following section we will discuss the influence of the laser wavelength on the decay rates of the four metastable fragmentation processes under consideration (formation of C6H-, C6H, C4H-and C3H-). Therefore we investigated these metastables also at a shorter 
